Abstract. The present case study documents an autopsy case of granulocyte-colony stimulating factor (G-CSF)-producing mucinous cystic neoplasm (MCN), with an associated invasive carcinoma of the pancreas. A 65-year-old woman presented to Omuta City Hospital (Omuta Japan) with a primary complaint of abdominal pain. Multiple liver nodules and a pancreatic cyst were detected upon abdominal computed tomography. Initially, liver abscess was suspected as the patient exhibited leukocytosis and elevated C-reactive protein level. However, the serum concentration of G-CSF was 98.8 pg/ml (normal, <39.0 pg/ml). At 6 weeks after admission, the patient succumbed to liver failure. At autopsy, a cystic lesion was identified in the pancreatic tail that contained bloody necrotic fluid. Microscopically, the cystic lesion was composed of columnar and mucin-producing epithelium associated with ovarian-type subepithelial stroma. The stroma exhibited positive immunostaining for vimentin, estrogen receptor and progesterone receptor. Calcification on the cystic wall was observed. The tumor invaded the pancreatic parenchyma and metastasized to the liver and lungs. The lesion was diagnosed as invasive adenocarcinoma arising in MCN. By contrast, liver nodules predominantly consisted of pleomorphic cancer cells with small foci of adenocarcinoma. Pancreatic and hepatic cancer cells were confirmed to be positive for G-CSF staining. The present case report indicates that G-CSF-producing MCNs may be associated with an aggressive clinical course, particularly when anaplastic changes are observed.
Introduction
Granulocyte-colony stimulating factor (G-CSF) is a glycoprotein associated with the proliferation and maturation of neutrophils (1, 2) . Since the first case of G-CSF-producing lung carcinoma reported by Asano et al in 1977 (3) , similar carcinomas have been reported in various organs (4, 5) . However, G-CSF-producing carcinomas of the pancreas are relatively rare (6) (7) (8) (9) (10) . Mucinous cystic neoplasms (MCN) are defined as cyst-forming epithelial neoplasms that arise in the pancreas (11) . MCNs have a female predominance, and they arise in the body and tail of the pancreas, without communication with the pancreatic duct system (12) . The most specific pathological feature of MCNs is ovarian-type subepithelial stroma in the cyst wall (12) . According to previous reports, the ovarian-like stroma of MCNs exhibits immunohistochemically positive progesterone receptor (PgR) and estrogen receptor (ER) (13) . The size of MCNs ranges between 2 and 35 cm in diameter, and patients with MCNs with an associated invasive carcinoma are 5-10 years older compared with those with non-invasive MCNs (11) . These findings indicate that the progression from non-invasive MCN to invasive carcinoma occurs over a period of years. The histology of G-CSF-producing neoplasms of the pancreas, including unconventional tumors such as adenosquamous carcinoma or anaplastic carcinoma, has been previously described (6, 7, 9, 10, 14, 15) . However, to the best of our knowledge, there are no reports concerning MCNs, and this is the first study to identify positive G-CSF immunostaining in a patient with MCN with an associated invasive carcinoma.
Case report
A 65-year-old woman presenting with abdominal pain, constipation and lingering fever was referred to Department of Medicine, Omuta City Hospital (Omuta, Japan) for further examination in April 2015. Abdominal computed tomography indicated multiple hepatic nodules, a pancreatic cyst and ascites (Fig. 1A) . The abdominal magnetic resonance imaging indicated multiple ring-enhanced lesions (Fig. 1B) , and a pancreatic tail cyst exhibited high intensity on a fat suppression T1-weighted image (Fig. 1C) . Laboratory tests revealed marked leukocytosis [white blood cell count, 39,640/µl (normal, 3,500-9,100/µl); neutrophils, 94.1% (normal, 32-79%); monocytes, 3.2% (normal, 0-8%); lymphocytes, 2.3% (normal, 18-59%); eosinophils, 0.3% (normal, 0-6%); basophils, 0.1% (normal, 0-2%); and no blasts] and elevated serum C-reactive protein level (20.4 mg/dl; normal, <0.3 mg/dl). Serum tumor markers, including carbohydrate antigen 19-9 (10.5 U/ml; normal 0-37 U/ml), carcinoembryonic antigen (3.2 ng/ml; normal 0-5 ng/ml) and α-fetoprotein (1.8 ng/ml; 0-10 ng/ml), were within normal limits. Ascites cytology was negative for malignancy. Bone marrow aspiration revealed hypercellular marrow with excessive myeloid cells. Considering the clinical symptoms, radiological studies and laboratory results, liver abscess was suspected as an infective focus. However, neither arterial infusion therapy of imipenem/cilastatin (1 g/day for 4 days) nor administration of tazobactam/piperacillin (13.5 g/day for 10 days), metronidazole (1,500 mg/day for 10 days) and amphotericin B (2 g/day for 4 days) elicited any response in the patient. Upon further examination, the cystic lesion in the pancreas was suspected to be a malignant neoplasm, and tumor-associated leukocytosis was considered. The serum concentration of G-CSF was elevated (98.8 pg/ml; normal <39.0 pg/ml). The physical status of the patient deteriorated rapidly, with multiple liver nodules and aggravation of jaundice and ascites. At 6 weeks after admission, the patient succumbed to liver failure. Written informed consent was obtained from the patient's family following mortality.
At autopsy, a cystic lesion (size, 4x3 cm) was noted in the pancreatic tail. This lesion had an elastic hard wall and contained bloody necrotic fluid ( Fig. 2A) . Multiple liver nodules, located predominantly in the right lobe, were observed (Fig. 2B ). Sections (3-µm thick) were fixed with 10% formalin and paraffin-embedded at room temperature for 2 days. The sections were stained with hematoxylin for 5 min and with eosin for 3 min at room temperature. Histologically, the pancreatic tumor was a cystic lesion that had ovarian-type subepithelial stroma with focal calcification and was lined by columnar mucinous epithelium with high-grade dysplasia ( Fig. 3A-C) . Adenocarcinoma, which extended into pancreatic acinus and invaded splenic vein, exhibited irregular glandular structures and poorly cohesive cell clusters ( Fig. 4A and B) . The parenchyma was infiltrated by considerable neutrophils (Fig. 4B ).
Sections (3-µm thick) were fixed with 10% formalin and paraffin-embedded at room temperature for 2 days. Onboard heat-induced antigen retrieval was performed on a fully automated BOND-III system (Leica Microsystems Ltd., Milton Keynes, UK) with a BOND Epitope Retrieval Solution 2 (cat. no. AR9640; Leica Biosystems, Inc., Buffalo Grove, IL, USA) for 20 min at 99˚C, and sections were incubated with the following primary antibodies for 15 min at room temperature: Mucin (MUC)1 (cat. no. NCL-MUC-1; dilution, 1:300; clone Ma695; Novocastra; Leica Biosystems, Inc.), MUC2 (cat. no. NCL-MUC-2; dilution, 1:200; clone Ccp58; Novocastra; Leica Biosystems, Inc.), MUC5AC (cat. no. NCL-MUC-5AC; dilution, 1:200; clone CLH2; Novocastra; Leica Biosystems, Inc.), cytokeratin AE1/AE3 (cat. no. N3515; dilution, 1:300; clone AE1/AE3; Dako; Agilent Technologies, Inc., Santa Clara, CA, USA), Vimentin (cat. no. M0725; dilution 1:9; clone V9; Dako; Agilent Technologies, Inc.) and G-CSF (cat. no. GF05; dilution 1:2,000; clone 5.24; Calbiochem; EMD Millipore, Billerica, MA, USA). Peroxide Blocking Reagent (3-4%) (cat. no. DS9800; Leica Biosystems, Inc.) was applied for 5 min at room temperature, according to the manufacturer's protocols. The automated system used a Bond Polymer Refine Detection kit (cat. no. DS9800; Leica Biosystems, Inc.; containing an immunoglobulin G linker, a horseradish peroxidase-linked polymer and 3,3'-diaminobenzidine (DAB) to detect the bound primary antibodies. Incubation with the secondary antibody was performed for 30 min at room temperature. ER (cat. no. 107925; ready to use; clone SP1; Ventana Medical Systems, Inc., Tucson, AZ, USA) and PgR (cat. no. 102333; ready to use; clone 1E2; Ventana Medical Systems, Inc.) staining for 32 min at room temperature was performed using BenchMark ULTRA (Ventana Medical Systems, Inc.). The automated system used the streptavidin-biotin complex method with DAB as a chromogen (cat. no. 109431; Ventana iVIEW DAB Detection kit; Ventana Medical Systems, Inc.). An Olympus BX51 optical microscope was used to view all slides under x12.5-400 magnification.
The tumor cells exhibited positive staining for MUC5AC, and negative staining for MUC1 and MUC2. The ovarian-type subepithelial stroma exhibited positive staining for vimentin, ER and PgR (Fig. 5A and B) . On the basis of these findings, the tumor was diagnosed as a MCN with an associated invasive carcinoma of the pancreas.
Lymph nodes of the hepatic portal region were swollen and white/off-white masses (size, 2-3 mm) were identified scattered in the lungs. Microscopically, all of the lymph nodes exhibited moderately to poorly differentiated adenocarcinoma. By contrast, the hepatic nodules consisted of pleomorphic cells, represented by anaplastic giant cells, a trabecular growth pattern and an angiosarcoma-like appearance, along with small adenocarcinoma foci beneath the liver capsule and a massive necrotic background (Fig. 6A-D) . The immunological profile of the adenocarcinoma was identical to that of the pancreatic MCN. The angiosarcomatous area was positive for cytokeratin (AE1/AE3) and vimentin. The pancreatic and hepatic cancer cells were confirmed to be positive for immunostaining of G-CSF (Fig. 7A-C) .
Discussion
Following the purification of human G-CSF from tumor cell lines (16) and its utilization for immunoperoxidase staining of paraffin-embedded sections (17) , several G-CSF-secreting pancreatic carcinomas have been confirmed using immunohistochemistry (6). The diagnostic criteria for G-CSF-producing tumors are as follows: i) Extreme leukocytosis, ii) elevated G-CSF activity, iii) a decreased white blood cell count following tumor resection, or iv) proof of G-CSF production in the tumor (9) . The detection of G-CSF by immunostaining is difficult as the G-CSF protein is generally retained in the cytoplasm for a short time and the antigenicity is inconstant (18) . Although, the intensity of G-CSF immunostaining varied by location in the case discussed in the present study, positive staining was easily recognized in intraepithelial neoplastic cells, invaded adenocarcinoma and liver metastatic cells. Thus, it was concluded that present case is a rare, G-CSF-producing tumor.
Carcinomas that produce G-CSF are known to be highly malignant tumors (8, 10) . G-CSF functions as not only a hematopoietic growth factor but also as an autocrine growth factor associated with the proliferation of tumor cells (19, 20) . G-CSF released by tumor cells may bind to G-CSF receptors in the tumor cells, triggering proliferation, invasion, migration via an autocrine mechanism, and the transformation of the epithelial elements into a more immature or high-grade phenotype (16, 19) . Regardless of the therapeutic efforts, the prognosis of patients G-CSF-producing pancreatic tumors is extremely poor, which is supported by the fact that all referred cases, regardless of surgical treatment or chemotherapy, succumbed to disease within 8 months of the initial consultation (12) .
Histologically, anaplastic carcinoma (7, 10, 14, 15) , poorly differentiated adenocarcinoma (8) , and adenosquamous carcinoma (6, 9) are the dominant subtypes of G-CSF-producing pancreatic tumor. To the best of our knowledge, an incidence of MCN with associated invasive carcinoma of the pancreas has not been reported in the English or Japanese literature. MCNs typically present as a single, spherical mass with a smooth surface and a fibrous pseudocapsule of variable thickness with occasional calcification (21) . Judging from the scattered calcification and scarce ovarian-type subepithelial stroma, the case discussed in the present study is a long-term MCN, from which malignant transformation of lining columnar cells and invasive carcinoma may develop.
Metastatic cancer cells in the liver, the majority of which were positive for G-CSF immunostaining, exhibited pleomorphism. It is unclear why anaplastic change was observed only in the liver. Liver biopsy was not performed in the initial period of admission due to the presence of ascites and a risk of hemorrhage. Although metastatic liver cancer was indicated by radiological findings, arterial infusion of antibiotics was conducted on the presumptive diagnosis of liver abscess. It is arguable whether the antibiotic therapy contributed to the alternation of cellular morphology. For example, the procedure propagated the sinusoidal spread of carcinoma cells and formed the angiosarcomatous vasoformative architecture. However, the tumor cells were positive for cytokeratin and vimentin. As for anticancer drugs, the majority of sarcomatoid changes in hepatocellular carcinoma are associated with repeated chemotherapy or transarterial chemoembolization (22) . However, to the best of our knowledge, the same transformation induced by antibiotics has not been reported. It can therefore be concluded that anaplastic change was associated with nature of the tumor rather than the procedure.
Unlike those with non-invasive MCNs, patients with invasive MCNs are considered to have a poor prognosis (23) , and also in the present case, the invasive cancer led to mortality following an aggressive clinical course. A case report alone may not be sufficient to draw a firm conclusion. However, G-CSF-producing MCN with an associated invasive carcinoma of the pancreas may be at type of pancreatic cancer with a poor prognosis, particularly when poorly differentiated carcinoma or sarcomatous changes are observed.
